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1 Goal of the experiment
The goal of this experiment is to measure how a change in frequency or amplitude of

an acoustical wave can change the behaviour of a laser beam. Furthermore the speed of
the sound wave in the crystal is calculated.

2 Experiment

2.1 Setup

In this experiment an acusto-optic modulator(AOM)[1] is used to change the laser beam
of a 532 nm-laser[2].
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Figure 1: Setup for the frequency Figure 2: Setup for the amplitude
measurement measurement

For the measurement of the influence of the frequency applied to the acoustic wave in
the AOM-crystal on the laser beam the setup in figure 1 is used. For the measurement
of the influence of the amplitude from the acoustic wave on the laser beam the setup in
figure 1 is used. The beam splitter was used to achieve sharper peaks. The amplifier of
the AOM is powered by a constant voltage and triggered with a function generator. For
the amplitude measurement the laser signal is detected by a photodiode. The signal of
the photodiode is analysed on a connected oscilloscope.

2.2 Execution

For the first measurement of the influx of the trigger frequency the laser beam is
diffracted in the AOM and analysed on a screen in a certain distance. For the amplitude
changes and the measurement of the rise time from a laser pulse the data is collected on
the oscilloscope. Therefore, the pulses are created on the function generator.



3 Evaluation and error analysis

3.1 changing the AOM trigger frequency

The trigger sine frequency of the AOM is changed in a range from f = 20MHz to
f=100MHz in f = 5MHz steps. The different frequencies lead to different diffraction
indices in the AOMs TeOs-crystal[l] and therefore to to various distances between the
peaks of diverse orders.

The distance between the AOM and the screen is 122.5cm < d < 124.7 cm because the
size and position of the Tellurium Dioxide crystal inside the AOM is not known. The
values are the the distances from the screen to the front and back of the AOM casing. As
the distance to calculate with, the mean value is taken with an error half of the distance
between the two value rectangular distributed. With aq = 1.1cm the uncertainty is

Ad = 1'\1/%m ~ 0.6 cm. Finally

d = (123.6 + 0.6) cm.

The distance between the distance between different order peaks is measured from the
-3rd to the 3rd order peak on the screen with millimeter paper. As an example, this is
illustrated in figure 3 for f = 80 MHz.

Figure 3: Screen with Raman-Nath regime for trigger frequency f = 80 MHz

The error is estimated by a; = 1 mm triangularly distributed. The uncertainty follows
with Az = lmTén ~ 0.4mm. In figure 4 the diffraction angle § between the Oth 1st order

peak is shown depending on the trigger frequency in the crystal.
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Figure 4: Diffraction angle 6 from 1st order peak to Oth order peak

Here in figure 4 the data points are plotted with their error bars and a linear fit x = ¢; - f
is shown. In figure 5 the residues of the values are shown with the fit and its uncertainty.
With a reduces x? of x?/ndf = 0.61 it is clear that the fit has a great quality but the
errors were estimated to big. Only a few values vary significantly from the fit.
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Figure 5: Residue plot for figure 4



With the distances d and x the diffraction angle 6 is calculated with 6 = arctan(%). This
is twice the incoming Bragg angle § = ©p. The speed v of the sound wave in the AOM
can be calculated by the formula[3]

9:)\7]0:61]6.
v

From the slope and the wavelength, the speed v is calculated to

v = (4200 £ 11) m/s.

3.2 Changing the AOMs amplitude

In the measurement with the setup in figure 2 the influx of a change in the amplitude of
the acoustic wave on the laser beam is analysed. For that the 1st order peak is detected
with the photodiode. The data is then collected by an oscilloscope. As an error on these
values +3 % of the value is taken because there was a lot of noise in the signal. This noise
was much bigger than the uncertainties of the used devices For the trigger, a rectangular
frequency with f, = 50Hz was laid over the sine frequency set to fy = 80MHz. The
amplitude was modulated from U = 0V to U = 5V in 0.2V steps. This is shown in
figure 6. With that measurement the voltage ran into a U ~ 500mV border. Therefore
only values for U = 3.2V were used.
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Figure 6: Voltage measured on the oscilloscope from the photodiode depending on the
amplitude of the acoustic wave.



In figure 6 the data points and their error bars are illustrated and fitted. The fit is
described through the function|3]

. . 1 L
I = I 51n2(\/ﬁ) = Iy sin® (n )\%HMQPa) .

Where I is the intensity of the examined 1st order peak, 7 is the efficiency, n = 2.22 the
refractive index, Ms the figure of merit, % the ratio between length and height of the
area with the sound field and P, the acoustical power. The Fit is done on the voltage
Vo for the Voltage given on the oscilloscope depending on the amplitude A4 from the
acoustic wave generator. This is possible because Vg oc [1 and A4 VP x V- With a
reduced x? of x?/ndf = 78.

3.3 Rise time of the pulsed laser peak

The rise time tr is measured with the same setup as the amplitude on the oscilloscope.
The rise time was measured with the photodiode turned on and off. With the diode on
the rise time is

tR,on = 307.3 us

and with the diode turned off
IR off = 35.99 us.

(As there was no 502 resistor used at the oscilloscope end of the photodiode, the re-
sults are not deemed reliable and therefore no errors are estimated, more on that in
section 4.2.3.) Compared to that the rise time of the photodiode is tg giode = 1ns and
therefore it does not make a difference in the result.

The speed of the sound wave can be again be calculated by

T = 0.64D /v

[3] with the diameter D of the laser beam. It has a given diameter of Dy = 3.5 mm][2].
With the beam expander the beam can be narrowed down five times[4] to D = 0.7 mm.
At the end v is calculated to

Von = 1.458 m/s

and
Vo = 12.588 m/s.



4 Discussion

4.1 Final results

From the measurement with changing frequencies the speed of the sound wave in the
AOM crystal is
v = (4200 £ 11) m/s.

The rise times of the detected peak is
tR,on = 307.3 s

with the diode turned on and
tRpﬁ‘ = 35.59 S

with the diode turned off. From the rise time the sound wave speed is calculated to
Von = 1.458m/s

with the diode turned on and
Voff = 12.588 m/s

with the diode turned off.

4.2 Comparison with expected results
4.2.1 changing the AOM trigger frequency

The literature value of the sound speed in Tellurium Dioxide crystal[5] is
vy = (4202 £ 1) m/s
When the measured value v = (4200 £ 11) m/s is compared with the literature a t-test
E
(Az)? + (Ay)?

can be made. Here t =~ 0.2 < 2 states that the value is compatible with the literature.
This is supported by the good x? value.

4.2.2 Changing the AOMs amplitude

The fit done, for the first maximum intensity does not fit particularly well. This is
reflected in the y2/ndf = 78 value. The probable reason for that is the stagnation of the
intensity for acoustic amplitudes A > 3.2 V. This stagnation is not entirely understood,
a possible cause could be, that the high frequency amplifier was maxed out, or that
the photodiode was not working properly. A strong indication of the photodiode not
working was that, even when there was a clear and strong light beam on the diode,
it only showed minimal current on the oscilloscope. That is the reason the 1 M2 end
resistance from the oscilloscope was used in the measurements.



4.2.3 Rise time of the pulsed laser peak
The literature value of the rise time of the laser peak|[1] is
tR,lit = T77ns

for a laser beam diameter of D = 0.5mm. The measured values are far away from
the literature value and so is the resulting calculated speed of sound. This was expected
because no additional 50 € resistance was used at the connection to the oscilloscope. But
it would be necessary to use because of the 1 M input impedance of the oscilloscope.
The problem was with the extra resistance no signal could be detected at all. So again
that indicates there might have been a problem with the photodiode.

4.3 Improved methods

The literature values from the data sheet[1] are for the AOM model ATM-80A1. But in
the experiment the AOM ATM-801A1 was used. So maybe the values are not correct
for the setup used. In the other Instruction manual[3] for the ATM-801A1 other values
are mentioned, but the serial number does not fit and at the end it is said that an other
model (ASM-801A1) with the same serial number was tested. therefore it is not clear to
which AOM the whole text refers.

For a better experiment it would help to know exactly what characteristics the used de-
vices have. Furthermore the photodiode should work better to be able to get a detectable
signal on the oscilloscope.



5 Attachment
5.1 Lab book
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